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The material presented herein ts the final report on the com=
parative studies of the TPl and FTA tests. Modifications in the
FTA test were introduced to insurc uniformity and to climinate per-
sistent stumbling blocks in the test. Critical points of investi-
gation were the preparation of treponemal antigen, fixation of the
antlgen to glass slides and standardization of the test procedure.
A total of 927 scrum specimens were examined. The first 283 spect-
mens were processed employing the FTA 100 and FTA 200 tosts and the
recmainder by the FTA 100 test only. The FTA 200 test was 89 per
cent in agreement with the TPl test and the FTA 100 test approxi-
mately 91 per cent.

The usc of the FTA test in the diagnosis of syphills has
rcalized distinct advantages over the TPl test, which are:
(1) maintenance of motile treponemes is not required, (2) cate in
the preparation of antigen, (3) case and rapidity in performance of
the test procedure, (4) relatively tittle expense involved Foilowing
inftial costs, (5) availability of commercial reagents, and (6)
highly trained techniclans are not required to perform the test.

The findings of these comparative studics have been submitted
to and accepted for publication by The Amecrican Journal of flinical
Pathology,




BODY OF REPORT
Project No, 6X61-01-001-01 Title: Comfunicable Diseases

Task No, 1 Title: Enhancement of Speci-
ficity of the Fluores-
cent Treponemal Anti-
body Test as Compared
to the TPl Test

Description:

Since Deacon and associates (4) advocated the Fluorescent Tre-
ponemal Antibody (FTA) Test for syphilis in 1957, efforts have been
made by the above authors (5-7) and others (3,8,10) to enhance the
specificity of this test. Establishment of the FTA test as a stand-
ard diagnostic aid to rule out Biological False Positive (BFP) re-
actors would enable many serology laboratories to perform this test
rather than transmitting specimens to one of the relatively few la=-
boratories established to perform the Treponema Patlidum Immobiliza~
tion (TP1) Test. Although all reagents for the FTA test are avail-
able commercially, difficulty has been encountered in the product lon
of an antigen that readily adheres to glass slides (3,10). This
problem has becen further resolved and the specificity of the FTA
test as correlated to the TP| test is enhanced by moderate modifi-
cations of the techniques reported by various authors (3-5,8).

Progress:
MATERIALS AND METHODS

TPl test procedurc: The sustaining medium was prepared by the tech=
nique of Boak and Miller (1), Rlood aseptically rcmoved from healthy,
adult male rabbits by cardiac puncture was centrifuged and the scrum
removed, The clear scrum not used Tmmediatcly was stored at =20C

for no longer than one week. The scrum for use was Inactivated for
L5 min, at 60C and then diluted with equal parts 0.9 per cent saline
to compose the basal medium, Only serum yielding a non-reactive
Cardiolipin microfloccutation was used in the sustaining medium,

Selected rabbits for antigen passage werc administered cortisone
acetate after the technique of Turner and HWollander (16), The rab-
bits received 0.7 mi, (25 mg./ml.) subcutancously 24 hours prior
to Inoculation of treponemes, again after fnoculation and then daily
until sacrificed.

Nichols virulent strain of Treponcma pallidum was used for
antigen production. Freshly harvested treporcri.s were adjusted to
20-30 organisms per high-powered field (HPF) in besal medium and 1 ml,
was injected into each testicle using a § m!, Luer=Lock syringe and



and 20=gauge needle. These animals were individuaily caged in an
air-conditioned room stabilized at 15C. The use of cortisone per-
mitted a maximum yield of treponemes over a 9- to 12-day incubation
period, thus permitting planned harvest days. Cortisoned rabbits
rarely developed a demonstrable orchitis during the prescribed incu=
bation period. However, they were palpated to ascertain possible
orchitis formation before sacrificing, When such occurred, the
testes usually contained few treponemes., These lots were discarded
unless they were the only remaining source of maintaining the strain,
The TPl test procedure of Nelson and Mayer (13) was performed on all
serum specimens.

FTA test procedure:

Antigen: The Nichols strain of T._pallidum as cultivated in
the rabbit testicle for the TPl test also served as antigen for the
FTA test. Following extraction from the rabbit tissue in basal
medium, the treponcmal suspension was centrifuged for 10 min, at
6009 to remove gross cell debris. The supernate was transferred to
a 15 x 75 mm, plastic Spinco centrifuge tube! containing an cqual
volume of 0.002 per cent sodium hypochlorite (NaC10) in 0.9 per cent
NaCl solution (3,10), mixed wel} and spun at 4000g for 10 min, The
supernate was discarded and the organisms were resuspended in fresh
NaC10 normal salinc solution and re-centrifuged, Following decant=
ing, the treponemes were suspended in a 5 per cent dimethyl sulfoxide
- 10 per cent normal rabbit serum solution prepared fn 0.9 per cent
saline to yield a final count of 20 to 30 organisms pcr HPF, The
antigen suspension was divided into 0.5 ml, aliquots in small, screw-
cap glass vials and frozen at -65C. Once thawed for use, the antigen
suspension was stored at 4C and not refrozen,

QQH%HQ te: Commercially prepared fluorcsccin goat anti-human
globulind w.5 uscd throughout the test. Each lot of conjugate was
titecred and optimal dilutions {usually 1:20 to 1:40) werc prepared
in 0.0M phosphate buffered saline (PBS), pH 7.2. The diluted con=-
Jugate was divided into convenient aliquots and frozen at -20C.

Paticnts' sern: Serum specimens for routine TPl tests werc sub-
mitted to this laboratory from the western half of the United States,
inciuding Alaska and Hawaii. In most instances, the patients had
positive STS tests without definitive clinical evidence of syphilis.
However, case histories were usually scanty and the underlying cause
of the positive STS test could not be readily determined, Therefore,

no attempt was made to categorize sera as from probablc syphilitic

1 Spinco Division, Beckman !nstrument Company, Palo Alto, California
2 J. T, Baker Chemical Company, Phillipsburg, Nuw Jersey
3 Baltimorc Biological Laboratories, Inc,, Baltimore 18, Maryland



or BFP reactors, Regardless of TPl findings, a second specimen was
requested to confirm the results, When results of the second test
were at variance with the first, additional specimens were requested.
Sera werc stored at -20C and wcre inactivated at 56C for 30 min.
prior to testing.

Standardized test procedure: A total of 927 serum specimens
were examined in this study. The first 283 specimens were processed
after the technique of Fife and associates (8) for both the FTA 100
(8) and FTA 200 (5) tests. The remainder were processed by the tech-
nique evolved in this laboratory for the FTA 100 test, Special
slides with two pre-etched circles about 1 cm. in diameter and ctched
end for labeling were obtained from Aloe Scientific Co.! These were
placed in 95 per cent ethanol overnight and wiped dry with gauze.

1. Using a disposable pipette, a minimal amount of antigen
(1css than 0,01 ml.) containing 20 to 30 organisms per HPF was placed
on each of the two circles and spread with a small, footed glass rod
to cover the entire circle (excess antigen resulted 1n wrinkling on
drying and masking of the organisms) and air dired, 2, The dried
slides were fixed in a precooled (=78C) acetonc-dry ice bath for 2
to 3 min. Fixing In the dry ice bath from 2 to 10 min. gave com~
parable rcsults, The slides were removed from the bath, drained and
air dried, 3. Inactivated paticnt!s serum (about 0,03 ml.) diluted
1:100 in PBS was placed over cach smear and spread to cover the cn-
tire area enclosed by the ctched circle. 4. The slides were placed
on a level tray, covered with aluminum foil to prevent drying, and
incubated at 34C for 30 min, 5, Following incubation, the excess
sera was removed by rinsing with PBS and then the siides were gently
blotted, 6, Optimally diluted fluorescein conjugate (about 0.03 mi.)
was placed over cach smear and spread to cover the entire circled
arca and step 4 was repeated. 7. Excess conjugate was removed by
rinsing in PBS and then immersing for 5 min. each in 2 fresh PBS
baths and the slides alr dried, 8. Each smear was mounted with
buffered glycerol (9 parts glycerol plus | part PBS) and coverslips
added. The slides werce read immediately or stored overnight at 4C.
Controls were reactive serums yiclding maximum fluorcscence, minimum
fluor.scerc:, non-reactive serum and an antigen control treated only
with conju:.te, Interpretation of test cerums w.rc as follows:
scerums yiclding m ximum fluorescence (W+) to moderate @iunorcscence
(2+) were designeted as reactive; serums yielding minims fluorcs=-
cence {14} or rundering the organisms barely viziole (L) or =) were
designated as non-reactive (5.

Fluorcscent microscopa: A Zeiss fluorescent microscope which
allowed visualization of treponemcs by regular darkficld before

I Aloe Scientific Company, St, Louis, Missouri



applying ultraviolet light was used throughout this study. Optimal
fluorescenca of the treponemes were obtained using a UG 2 exciter
filter combined with barrier filters that exciuded all wave lengths
under 500 A°,

RESULTS

The find ings on 927 consecutive serum specimens submitted to

this laboratory for routine TP tests form the basis for this report.
The init 7al 283 specimens served to compare the FTA 100, FTA 200 and
the TPl tests after the technique of Fife and co~workers (8). Many
of the FTA slides had to be repeated due to excessive loss of trepo=-
nemes during processing, This loss necessitates slide preparation
with initial concentrations from 50 to 100 treponemes per HPF to re-
tain suf Ficlent organisms for diagnostic purposes, When organisms
were retained, however, excellent fluorescene was obtained on posi-=
tive slides, The FTA 100 test correlated closer with the TPI find=
ings and this tost was used for the remainder of the study (Tables
1, 2, and 3).

TABLE 1

Compar-ison of the TPl, FTA 100 and FTA 200 Tosts on 927 Serum
Specimens Routinely Submitted for TPI Studics

Mumber TP| TEST FTA_100 _FTA_200
Sera R WR NR I AC R NR R NR
283 3 13 118 20 1 166 117 151 132
64k 276 13 214 133 8 363 281 - =
927 Loy 26 332 153 9 529 398

¥ R: Reactive, WR: Weakly Reactive, NR: Non-recactive

It Invalid, ACt Anticomplementary



TABLE 2

Comparison of the TPl, FTA 100 and FTA 200 Tasts in Which Invalid
and Articomplementary TPl Sera are Eliminated from the Study
(765 Specimens)

Number TPl FTA_100 FTA 200
Sera R NR** R NR R NR

252 1Lh4 (55)wr 118 (45) 148 (56) 114 (44) 137 (52) 125 (48)

503 289 (57) 214 (L3) 282 (56) 221 (bk) - -
765 433 (57) 332 (43) 430 (56) 335 (k4b)

w R: Reactive (inciudcs hoth R and WR TPI findings)
% NR: Non-Reactive
¥k Parenthesis indicate percentages

Although treponemes can be stored at 4C for several weeks and
still retaln their antigenic structure for the FTA tl4st, it was noted
that they gradually became thready and a marked diminution in fluo-
rescence occurred. As the FTA test performed on freshly harvested
treponemes invariably yielded brilllant fluorescence, attempts were
made to preserve large lots of antigen under conditions that mini-
mized loss of capsular material, Deep freezing of the organisms or
lyophilization yielded usable organisms, but again with a diminution
of fluorescence. Glycerol (9) could not be used to preserve the
capsule as upon drying of the suspension for staining this chemical
would mask the organisms. Dimethyl sulfoxide has been used success-
fully in the preservation of primary tissue cell lines in the deep
frecze (14) and it was noted that from 2.5 to 10 per cent dimethyl
sulfoxide in the presence of 10 to 50 per cent inactivated normal
rabbit serum allowed the deep freezing of treponemes over at least
a 6=month period and still yield brilliantly fluorescing organlsms,

TABLE 3

Comparison of Agreement of 765 FTA and TPI Results in Which invalid
and Anticompiementary Results are Eliminated

No. Reactive in Nonreactive FTA~Keactive FTA-Nonrecactive
Sera Both Tests® in Both Tests TPl-Nonrcactive TPl-Reactive

FTA 200 262 125 (L48%) 107 (11%) 1 (4%) 18 (7%)
FTA 100 765 396 (51.8%) 297 (38.8%) 35 (4. 7%) 36 (4.7%)

* Weakly reactive TPl results included with reactive
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The findings of Covert and co-workers (3) and Kent and associ~
ates (10) that 0.002 per cent sodium hypochliorite in normal saline
enhanced adherence of the treponemes to glass sltides was confirmed.
However, |t was noted that in the absence of serum, there was a
marked diminution in fluorescence. Addition of serum enhanced fluo-
rescence but reduced adherence, Addition of dimethy! sulfoxlide,
however, increased adherence in the presence of serum, Graded ex-
periments indicated that the use of 5 per cent dimethyl sulfoxide
plus 10 per cent inactivated normal rabbit serum in normal saline
consistently ylelded brilliant fluorescence upon processing with but
slight loss of treponemes. This method of antigen preparation was
employed on the remaining 644 specimens tested by the FTA 100 tech~
nique and compared to the TPl test, Storage of organisms in con-
venient aliquots allowed efficient utilization of the antigen. Once
thawed, the organisms were not refrozen but stored at LC and were
usable for at least 2 weeks,

0f the 927 specimens tested, the TPl test was valid In only 765
cases; 153 specimens yielded invalid results and 9 were anticomple-
mentary, To compare the FTA tests to the TP! test, both the weakly
reactive and the rcactlve TPl were considered as reactive. These
results are summarized in Table 3. There is approximately a 91 per
cent correlation in exact findings with the two tests. These results
agrec closely with the findings of Fife and assoclates. (8).

Two or more specimens on the same patient were recelved from 225
patients. All specimens from 170 patients gave valid TPl findings
and were comparable to the FTA test. Exact findings on all specimens
on 143 of these patients (86 per cent) were obtained with both tests,
Those tests in which exact findings were not mbtained in all specimens
are of interest in attempting to make a definitive diagnoslis. A pos=
sible plan In evaluation is demonstrated in Table 4, The value of
repeat serum specimens is evident,

Multiple specimens received on 55 patients in which one or more
ylelded invaiid findings In the TPl test were evaluated by repeat
specimens and the FTA test in attcmpting to make a specific diagnosis,
Table 5 presents these findings and the value of the FTA test Is again
evident although additlonal specimens are needed In some of these
cases before a definitive dlagnosis can be made.

The weakly reactive (WR) TPl test was noted (2) to be the most
difficult to obtain consistent findings on repeat examination of the
same specimen. However, further demonstration of the close correla-
tion of the FTA 100 test to the TPl test was found in those patients
that showed a consistent WR TP| In repeat specimens. Ninc patients
came in this category and the results are tabulated in Table 6.



TABLE 4

Evaluati n of Discrepancies in Comparison of the FTA 100 Test to the
TPl Test When Multiple Specimens are Received on the Same Patient

TP FTA 100
EXAMPLE SPEC IMENS SPECIMENS OCCURRENCES PROBABLE
o1 2 3 1.2 .3 DJAGNQS § Siriclcic
1 0 ¥ 0 2 A
2 0 ¢ 0 + L A
3 + + 0 + L B
L + o+ o+ + b 4+ 2 B
5 + + + 0 + =+ ! 8
6 0 + + 0 + 0 1 A
7 + 0 + 0 L A
8 +  + + 0 L AorB
9 + 0 + 4+ 1 AorB
10 0 0 + 0 7 A
n 6 0 + + 1 A
12 + 0 O 0 0 © 1 Cieledcle
13 0+ + 0 1 A
¥ +: Includes weakly reactive (WR) and reactive (R) results
solt A: Inconclusive: another specimen desired
it B: Probable positive for anti~-treponemal antibody
Yoot C: Probable BFP
‘i : Basgls of Probable Diagnosis: <Q@5% + =
25-50% + = A
50-75% + = A or B
over 75% + = B

FTA 100 Test Findings with Invalid TPt Results:

TABLE 5

The Value of Repeat Specimens in Assisting in the Diagnosis
TPi TEST FTA 100 TEST
SPECIMENS SPEC IMENS
] } 2 3 )] 2 3 4 OCCURRENCES
+° ° + + 6
0°¢ ] 0 0 7
! 0 0 0 L
I i + + 3
| | 0 0 2
+ { 0 0 2
| + + + + + 6
1 | | + + + 2
+ { | 0 0 0 1
{ i | 0 0 + }
0 i o} 0 + 0 |
1 + + * + + 0 + !
0 + ! 0 + 0 0 + |

a. +, Includes weakly reactive and reactive findings

b. 1, lnvalid

c. 0, Non=reactive



TABLE 6
Fxamination of repezt spacimens from patients yielding a Weakly

Reactive (WR) TPI test,

FTA 13 et
SPECIHEN SO INEN
— 1 23 1 2__ 3 OCCUREENCE
0® +° WRS  + 1
0+ 0 WR |
] + WR R 3
+ + wR + 1
+ 0 WR 0 i
4 * WR ¥R WR 1
G c__0 WR__ 0 O ]

a, C = non=-reactive
b, + = reactive

€. WR = weakly reactive

9b



DISCUSSION

in the original paper by Deacon and associates (4) on the FTA
test, two methods of processing treponemal smears are presented,
Although method '"A'' correlated more c¢losely with their TPl findings,
method "8'' was chosen for further studies as earlier antibody forma~
tion, as indicated by fluorescence, was detected by this method in
the diseasc of treponemal infected rabbits, Montgomery and co-
workers (12) also used method "B and found the FTA test to correlate
with reagin sensitivity. In our efforts to prevent the loss of tre-
ponemes during processing, the rotation of siides during Incubation
with patient's serum and with conjugated serum was eliminated (method
"A'"), In addition, the 10 min. socak following Incubation with patient's
serum was eliminated, Comparison of findings of the first 283 speci-
mens that were processed after the technique of Fife and associates
(8), in which both rotation and strenuous soaking Is advocated, with
the remaining 644 specimens in which these steps are eliminated,
indicate that almost similar sensitivity and specificity are obtained
(Tables 1, 2 and 3).

The finding that inactivated normal rabbit serum would enhance
fluorescence of treponemes resulted from the attempt to preserve
antigen over an extended period in the deep freeze. This may have
been due to preservation of the treponemal capsule, However, the
greater the concentration of serum employed, the more readily the
treponemes were lost during processing, Sodium hypochlorite or
NaC10 plus dimethyl sulfoxide, without serum, enhanced the adherence
of the treponemes to the slides, but the degree of fluorescence was
markedly diminished when organisms were stored at 4C for several weeks,
ot lyophiiized, or frozen and thawed, as compared to freshly harvested
treponemes. The ratlo of 5 per cent dimethyl sulfoxide to 10 per cent
rabbit serum in normal saline was found to be the best combination to
assure adherence and brilliant fluorescence. The use of 20 to 30 tre-
ponemes per HPF yielded consistently good slides with adequate numbers
of organisms for casy determination of the degree of fluorescence.

The maintenance of deep frozen treponemes In thls suspension allows
the preparation of large lots of antigen and assurance of similar
findings for the duration of its use, Once an aliquot is thawed, it
should be used within 1L days or discarded.

Indirect evidence indicates that the fluorescent antibody may
differ from the TP! antibody in that the former Is most pronounced
when the capsule is still intact. Metzger and associates (11) have
demonstrated that the TPl reaction rate can be increased when the
capsule is dissolved with lysozyme., However, the close correlation
in specificity and sensitivity between the FTA 100 2nd the TPl tcsets
as demonstrated in this study and by others (5,6,8) indicates a close
relationship, if not the same antibody. Further study on this corre=
lation is indicated.

10



Covert and assoclates (3) and Kent and co-workers (10) only
obtained an 80 per cent correiation between the FTA and the TPI
tests. However, they were using a 40 hr, TPl test and a 1:500 di~
lution of their conjugate for the FTA test. They also advocate the
use of the Reiter treponeme for the FTA test. Deacon and Hunter (7)
indicate that use of the Reiter treponeme may lead to fallacious
findings as this organism is related to T. pallidum only through a
"non-speci fic" antigen that ¢ an also be found in the mouth trepo-
nemes and in T, zuelzerag, a saprophytic mud organism,

Reliance on a single TPl or FTA test for the diagnosis of syphilis
can be misleading in at least 15 per cent of findings. Paircd speci-
mens from patients to confirm the initial FTA and TPl findings en-
hances the reliability and value of these tests.

The present study alsc illustrates the practicability and value
of the FTA 100 test as a diagnostic test when considering the large
percentage of invalid results obtained with the TPl test. O0f the
927 serum specimens examined in this study, 162 yielded invalid or
anticomplementary results in the TPl test, Although this problem
is partially resolved through use of the euglobulin precipitation
procedure of Sanders and &ssociates (15), usable results were ob~
tained in all instances using the FTA technique.

SUMMARY

1. The production of Treponema pallidum antigen that readily
adheres to glass slides is further resnlved through suspension of
NaC10 treated organisms in normal saline containing 5 per cent di-
methyl sulfoxide and 10 per cent inactivated normal rabbit serum.

2, This solution also permits the storage of treponemes in the
deep freeze without diminution of fluorescence.

3. The FTA 100 test was found to be as specific and as sensi=
tive as the TPl test to rule out BFP reactors.

i, Paired serum specimens enhanced the reliability of both the
FTA and TPl tests in rendering a definitive diagnosis,
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ABSTRACT
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Studies on penicillin treatment failures of gonorrhea were ex-
tended and confirmed with the addition of more cases to the study and
a change in the treatment schedule. Beginning 1 August 1962, the
treatment of gonorrhea was altered from two (2) injections of 1,200,000
units of penicillin (600,000 units of procaine penlciliin plus 600,000
units of bicillin), the second dose given 48 hours following the first,
to a single dose of 1,200,000 units, Of 75 patients receiving the
single dose of penicillln, there were three (3) treatment failures. In
each fnstance of a treatment failure, N. gonorrhoecae, isolated priur to
and following treatment, was sensitive to 0,005 units of penicililin/ml,
To date, organisms belonging to the Mimaec-Herellea group have not been
isolated from any of the patients in this study,

Investigations were begun in an attempt to develop a medium for
the selective Isolation of Mimae-Herellea organisms from urcthral dis-
charges and to corrclate stained slide readings of urethral discharges
with the isolation of Mimae~Herellea organism. It appears that the
stained slide diagnosis of gonorrhea by well-trained and experienced
individuels is very accurate.
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BODY OF REPORT

Project 6X6-01-001-01 Title: Preventive Medicine -
Communicable Diseases

Task No, 2 Title: Studies on Penicillin
Treatment Fallures of
Gonorrhea

Description: This is the second annual report of a study designed to:
(1) Tsolate and tdent1fy by exacting morphological and biochemical stud=
ies the etiological agents of gonorrhea at any Army Post experiencing an
alleged increase in penicillin treatment failure of gonorrhea. (2) To
determine the peniclliiin resistance of strains of N, gonorrhoeae iso=
lated before and, when present, after treatment. {3)” To determine the
blood penicitlin levels on all patients in an attempt to telate these
levels to bacterliological findings, (4) To study the occurrence of
Staphylogoccus epidermidls and Mimae-Herellea specles with N. gonorrhoeae
as o possible cause of treatment failure,

Progress: Studies on Penicillin=Resistant Gonorrhea:
Studies on Penlcillin=Resistant Gonorrhea,

a, The background of this study and the methods used are de=-
scribed in detail In last year's annual progress report Project 6X6-01-
001-01, Preventive Medicine - Communicable Discases Task 2, Studies on
Peniclilln Treatment Failures of Gonorrhea, January 1962 through 30
June 1963, The investigation continued with the addition of more cases
to the study and, beginning 1 August 1962, a change in the treatment
schedule, At that dete, the treatment of gonorrhea was altered from (2)
injections of 1,200,000 units of penicillin (600,000 units of procaine
penicillin plus 600,000 units of bicillin), the second dose given 48
hours following the first, to a single dose of 1,200,000 unlts. The
latter dose is the same dose as was given during the period that the
peniciilin treatment fallures were originally reported,

Due to these reported penicillin treatment fallures, the
present study was initiated, Therefore, it is of interest to compare
the penicillin treatment failure rate of a carefully controlled clini-
cal and jaboratory study with the previously reported 30% failure rate
which was established without the benefit of laboratory studies, Table
! shows the number of treatment failures according to the penicillin
dosage used,
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TABLE 1

PENICILLIN TREATMENT OF GONORRHEA
6

6 1.2X10° 2X 6
2.4%10° unit 48 hrs. apart 1.2X10 TOTAL
Failure | 7 3 11
Success 32 58 2 62
TOTAL 33 65 75 173

Fallure Rate: 6.5%

b, Of the 173 strains of N+ gonorrhoeae isolated and examined
for resistance to penicillin, none were resistant to 0.5 units penicil-
lin/ml. onc was resistant to 0,3 units/ml, three were resistant to
0.05 units/ml, 19 were resistant to 0,005 units/ml and the remaining
150 strains were sensitive to 0.005 units/ml, The results are tabu~
lated in Table 11,

TABLE 11}
PgNIClLLIN-RESISTANQE OF N, GONORRHOEAE
Unlts

Penicillin G/ml # lsolates

0.5 0

0.3 1

0.1 0

0.5 3

0.005 19

Sensitive to 0,005 Units/m) 150

c¢. This report, In agrecement with the first annual report,
notes that in no instance was @ treetment fallure associated with a
resistant strain of N. gqonorrhoeag, or development of resistance during
treatment. Every case of a treatment failure was caused by an organism
resistive to 0,005 units of penicillin/ml, The organisms isolated after
treatment were also sensitive to 0.005 units of peniciilin/mi,

d. Mimae-Herellea organisms have been reported to be associ-
ated with penicillin treatment failures of gonorrhea. However, this
point has not been too clearly established and a joint investigation
to determine the Incidence of Mimae~Herellea crganisms in urcthral dis-
charges is being performed In cooperation with the U. S. Navy. (Pre-
ventive Medicine Unit #5, U. S. Naval Hospital, San Diego, Callfornia.
Lt. Commander Blasinskl Is In charge of the Navy effort). At the time
that urethral discharges were plated on isolation media, stained smears
were made for the purpose of evaluating the stained smear as a diagnos-
tic tool in gonorrhea, The isolation medium used permitted the charac=




teristic growth only of Mimag=Herellea organism, and suppressed the
growth of N, gonorrhocae. To date, 38 patients with a clinfcal diag-
nosis of gonorrhea have been examined, Stained smears of each case re=
vealed gram-negative Intracellular diplococcl, morphologically resem-
bling N, qonorrhoese. From only one of these patients, was a Mimae~
Herellea organism Isolated. Although no attempt was made to isolate

N. gonorrhoeae it was assumed that they were the etiologlical agents of
gonorrhea in all of these patients,

Summary & Conclusions:

1. A continuation of bactericlogical studies of peniciliin treat-
ment fallures of gonorrhea confirms and extends our earlier findings,
that no penicillin-resistant stralns of N. gonorrhoeae were assoclated
with treatment failures. In fact, no strains of N, gonorrhoeae resist-
ant to penicillin have been encountered to date. “The inclusion of more
patients In the study permits a more accurate determination of the
treatment failure rate, now established as 6%«10% when 1=2 mega units
of penfcillin are used, It also appears that administration of peni-
cillin in a single dose, or in equal divided doses, does not effect
the failure rate,

2, An organism of the Mimae-Herellea group was isolated only once
In this study, and in that instance was not associated with a treatment
failure. If it Is assumed that gonorrhea caused by ''gram=negative in=
tracellular diplococci' is due to '"Mimae-Herellea' or N. gonorrhocae
or a mixture of each, and if a culture falls to recover 'Mimac~Here!llea'
(an easy to culture organism) it may be safely assumed that the offend=
ing organism Is N, gonorrhoeaa. On the baslis of our attempts to Iso-
late ”Mimae-Herel!ea" in parallel with stained smear studies we there=-
fore conclude that in the hands of well-trained, experienced Individuals,
the stained smear diagnosis of gonorrhea to be close to 98% accurate.

3. Thesc results are not in agreement with those of Svihus, Lucer,
Mikolajczyk and Carter (J.AM.A,, 177: 121, 1961) who reported Mimag as
the cause of a gonorrhea=ltke syndrome resistant to treatment by peni=-
cillin, We also do not confirm the findings of Sokoloff and Goldstefn
(JLAMA,, 18L: 197, 1963) of a correlation of peniciliin treatment
faflures with organisms that were relatively resistant to penicillin,
We feel that a possible explanation, and one that is worthy of further
study, Ts the relationshlp of geogrephic location to the frequency of
organism found as the cause of gonorrhea,

L, In addition to a continuation of the study along present lines,
we Intend to Investigate the incidence of Mimae-Herellea organisms at
several geographlc locations, and to continue with the development of a
medium for the specific, rapid isolation of these organisms.
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Apnroxinately 140 modifications of Medium L~15 have been studied in
the past year in an attempt to obtaln a syntietic medium for the rapid
growth of norwal and malignant tissue cell culturss without success.
Several chemicals appear promising and further studics are indicated.
Medium L-15 has proved highly successful in the growth of all ncrmal and
malignant cell cultures studied when fortified with serum. Being glucose
and bicarbonate free, ready growth was obtained in free gas exchange with
the atmosphere thereby eliminating one of the serfous drawbacks in rou-
tine tissue culture studics, A manuscript on this inediun has becn ac-
cepted for puniication by the American Journal of Mygienc,
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BODY OF REPORT

Project No, 6X61=01-001=01 Title: Communicable Diseases

Task No, 3 Title: Culture Medla for Growth
and Maintenance of Tissue
Cell Lines

Description: The purpose of the present investigations Is to develop an
all=-purpose medium, preferably completely synthetic, that will enable the
rapid growth and meintenance of both normal and malignant cell cultures
and will enhance the growth of virus agents therein,

Prggress:

1. The necessity of body fluids, especially serum, for the growth
of most tissue cell cultures leads to peaks and valleys in tissue cell
growth, Serum optimal for cell growth leads to luxuriant growth of all
cell cultures studies with medium L=15, However, the reaction of the
cells to various lots from the same type host, i.e., foetal caif serum,
may differ markedly and even lead to the death of the cell strain, The
"toxic'' effect may be insidious and the cell strain badly hurt before
these ¢ffects are obvious. Puck et al (J. Exp. Med. 108: 945, 1958)

advoca. . ... Lz5ting by the use of cell clones. However, most laboratories
are v roicoaiently located near thelr source of such products and this
niifisLy =<1 only be overcome by stock=piling 1a:ae amounts of nonetoxi
eaon of Do valee,

2, In an attempt to eliminate serum from the madiu» for cell propa-
gation, appraiimately 140 media have been composed to date. As yet, none

have apr.roz« 23 the serum containing medium for cell grow.ih beyond the
secona n thi-ad schoeulturs, Certain products show -efinize promise how=
ever, and wili ce further investigated, These inciunc protamine, prota-

mine zinc insulin, methocel, the alpha globulin fractions of various
sera, ovomucoid, and some of the enzymatic hydrolytic products of vari-
ous proteins, Although the aforementioned products are not truly ''syn-
thetic'', they can be more readily standardized than serum and usable lots
can be studied as to their chemical make=-up,

3. Medium L-15, utilizing 10 per cent foetal calf serum for cell
propagation and 2 per cent for cell maintenance, has proved highly suc-
cessful for the growth of both normal and malignant cell lines, As this
medium permits the growth of all cell strains in free gas exchange with
the atmosphere and enables virus growth to at least the same extent as
in glucose=bicarbonate mediums, a manuscript was prepared for publication
which has been accepted by the American Journal of Hyglene for possible
September publication. This manuscript is hereby duplicated, as it cover-
the use of this medium in tissue cell growth and maintenance.

21 Best Available Copy



Morgan (1) in his review of tissue culture nutrition cites the need
of o non-bicarbonate buffer to simplify culture techniques, For the past
two years, such a medium (L-15) has been in use for the growth and main=
tenance of tissue cell cultures in a diagnostic virus laboratory, The
use of the free base amino acids, especially L-arginine, and the substl~
tution of D ( + ) gatactose, sodium pyruvate and DL-alpha alanine for
glucose has yielded the desired medium without any loss in the rate of
tissue cell proliferation or in the ability to isclate and propagate
virus agents in cell lines normally attained with glucose=containing
mediums,

MATERIALS AND METHODS

Medium L~16: Preparation of the necessary solutions and the formula for
medium L~15 are presented in tables 1 and 2. The final pH, without the
addition of any exogenous buffer, is 7.6, The free base aminc acids of
L-arginine, L=histidine and L=cysteine are used. L=glutamine, because of
its instability, Is not added to the final medium until Just before use.
Foetal calf serum is added in desired concentrations; 10 per cent is nor~
mally used for the growth of all cultures, 2 per cent for maintenance,

Medium L=-15G: Similar to L=15, but glucose In place of galactose,

Vitemins: Same concentration employed as recommended by Eagle (2). See
table 1.

Salt solution: Modified Hank's BSS (3) with double concentration of the
magnesium salts after the findings of Waymouth (4).

Tissue cell lines: The malignant cell lines, HEp-Z' and stabile monkey
Kidney (SMK)Z were used throughout this study. Each has been passed over
100 times in medium L-15, Varlious primary cell cultures have been initi=-
ated from their ogiginal tissues and continued in serial passage as dip=
loid cell strains’, For twice-weekly harvests, 1,000,000 ﬁells in 20 ml
of medium were inoculated in 16~ounce prescription bottles™; for weekly
harvests, 500,000 cells. Primary cell strains required a minimum inocu-
lation of 2,000,000 cells in 20 ml of medium and were harvested twice
weekly (5), Both malignant and normal cell cultures had a complete change
of medium on the following day, This sufficed when harvesting on a twice-
weekly basis; otherwise, they were fed 3 times a week, Tubes were pre-
pared from malignant cell lines by inoculating 20,000 cellis in % ml of
medium, The medium was completely changed on the following day and 1 mi
1. Microbiological Associates, Albany, California
2. Kindly furnished by Dr, Robert N, Hull, Eli Lilly and Co., Strain
LLC-Mk2 (NCTC-3196).
3. Dr, Charlotte John originated most of these cell lines and has main-
tained them In serial passage, These studies are to be published,
L. Demuth or Brockway.
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Page 1 of 2 Pages

TABLE 1

Ingredients of Medium®

Solution 1: Amino acids’

Amino acid

DL~alpha alanine
L-Arginine {free base)
L-asparagine
L-Cysteine (free base)
Glycine

L-histidine (free base)
DL-1Isoleucine
L-teucine

L=-lysine

DL-methionine
DL~phenylalanine
L-serine

DL~threcnine
L-tryptophane

DL-valine

Solution 2: Vitamins®
mg/L _ Vitamin
450 Choline
500 Folic acid
250 Inositol
120 Nicotinamide
200 DL-Ca Panthothenate
250 Pyroxidine HC!
259 Riboflavin-5-phosphate, Na
125 Thiamin monophosphate
75 Na,HPO,
150 Sclution 3: L-Glutamine®
250 L-Glutamine
200 Solution 4: r|ﬂ<10mm:ma
690 L-tyrosine
20 Solution 5: Na Pyruvate®
200 Na Pyruvate

’

Solution 5: Galactose®

_mg/L D (+) Galactose
1.0 Solution 7: Salts®
1.0 NaC!
2.0  Kc!
1.0 MgSO0,.7H,0
1.0 MgCl,.6H,0
1.0 _Solution 8: salts®
0.1  cacl,
1.0 Solution 9: S21ts®
140.00  Na,HPO,
KH, PO,
300,00 Phenol Red’
Solution 10: Antibiotics?
300.00 Peniciltlin 300 y/ml
Streptomycin 300 mcg/ml
£50.00 Fungazone 3 pg/ml

mg/L

8000
Loo
200
200

140

50

60

10
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Page 2 of 2 Pages, Table 1: Ingredients of medium

All chemicals purchased from NMutritional Biochemical Corp. with exception of phenol red and
antibiotics,

Prepared as 10X, millipore filter sterilized, dispensed in 100 ml amounts, stored at 4C.
Prepared as 100X, millipore filter sterilized, dispensed in 10 m! amounts, stored at -20C.
Prepared as 1X, dispensed 752 m1/1,000 mil flask, autoclaved 121C/10 minutes, stored room
temperature,

Solutions 7, 8 and § are prepared as 10X. Solution 7 is prepared in 500 ml distilled water:
solution 8 In 100 ml distilled water and sclution 9 in 275 m! distilled water plus 25 mi of
0.4 per cent phenol red solution (sece note “'f"). Each is autoclaved separately, cooled to at
least room temperature (preferably overnight in the refrigerator) and then solution 8 is added
to solution 7 and finally solution 9 is added to the 7-8 combination, The medie is dispensed
aseptically in 100 ml amounts and stored at room or refrigerator temperature,

Prepare 0.4 per cent phenol red by placing | gram in @ 500 m! Ertenmyer flask. Slowly add
N/20 NaOH until the phenol red is almost in solution. This will require about 60 ml, Add
additional N/22 NaOH dropwise unti! all of the phenol red is in solution, Color should be

deep red and not purple, QS to 250 ml with distilled water.

g. Ali antibiotics combined and prepared as 100X with sterile distilled water, distributed 10 ml

amounts, stored at -20C,
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TABLE 2

Formula for medium per liter.a

Solution Volume Distribution and Use
Tyrosine (1X) 750,00 m! Dispense aseptically in 99 ml
Vitamins (100X) 10,00 amounts, Just before use add
Pyruvate {100X) 10.00 1 ml L=Glutamine (100X) per
Galactose (100X%) 10,00 bottle, Foetal calf serum
Salts (10X)) 100,00 added as desired. vsually 10
Amino acids (10X) 100,00 per cent for growth and 2 per
Antibiotics (100X) 10,00 cent for maintenance,

a. Fipal pH of medium, without addition of exogenous buffers, will

be about 7.6.
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of fresh growth medium was added per tube, Cells were ready for virus
diagnostic work by the third day; the growth medium was replaced with
maintenance medium, Primary cell strains were similarly prepared except
that 50,000 cells per 3 ml of medium were inoculated per tube,

Free atmosphere exchange: A1l cell cultures were grown In free gas ex=
change with the atmosphere. Tubes were prepared in the wash room by set-
ting up 16 x 125 tubes in Thomas tissue culture racks® with the diamonds
facing the wire springs, A heevy brown paper cap was made to fit the
entire rack and was taped on about f-inch above the tubes and the entire
unit autociaved at 121C for 15 minutes. In the tissue culture propaga-
tion room, the paper cap was removed, ¥ ml of cells Inoculated per tube
using an automatic syringe3. the top of the tubes were flamed and the
paper cap replaced, The rack was sianted at 5 degrees In a 35C incubator.
The following day the media was changed by decanting the entire rack,
flame sterilizing the tube mouths, and Inoculating 1 ml of fresh medium
into cach tube. The rack was recapped with the paper shield and incu=
bated. When tubes were ready for the viral diagnostic room, they were
fed with maintenance medium and capped with sterile, rubber=lined, screw
caps,

Harvesting of cell lines: A modification of th? techniques of Gwatkin
and Siminovitch (6) using 0.05 per cent versene anrd 0,05 per cent tryp-
sin in Fank'c balanced salt solution without calciuw or magnesium proved
very successful for both normal and malignant cell cultures, The final
PH of thc medium was 7.6 without the addition of any exogenous buffer.
The growth medium was removed from the tissue cell bottle and replaced
with 10 ml of the cnzyme solution, The bottie was rotated by hand about
20 times and placed in the 35C incubator for 5 minutes. The cell sus-
pension was gently plpetted and used to wash the glass wall to remove
any cells sti!} adhering and then transferred to a 50 mil screw=-capped
centrifuge tube, Centrifuged at 600 rpm for 5 minutes, The supernatant
was removed and discarded. Ten ml of complete growth media were added
and the cells gently pipetted into suspension. The cells were counted,
using a hemacytometer, and dlluted with complete medium to the desired
concentration for fresh bottles or tubes,

Prototype virus agents: Almost all prototype viruses had been obtained
by predecessors of the author at this laboratory. They were received
from the Walter Reed Army Institute of Research, The National Institute
of Health and from the California State Department of Health. The Sabin
attenuated poliovirus agents, types 1, 2, and 3 were purchased as commer-
cial vaccine!.

Arthur Thomas Co,, Philadelphia, Pennsylvania,
Becton, Dickinson and Co., Rutherford, New Jersey.
Nutritional Biochemical, Cleveland, Ohio,

. Pfizer Laboratories, New York, New York.

Ead VAR S
.
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RESULTS

Growth and maintenance of cell lines: Freshly harvested cells sub-
cultured in medium L-15 containing 10 per cent foetal calf serum re=
quired from 2 to 4 hours to become attached and flattened on the bottie
wall, Although the cells spread soon after attachment, there was a lag
phase of approximately 24 hours before active multiplication was entered,
the malignant cell lines requlred about 18 hours per generation, The °
HEP-2 and SMK 1ines usually Increased 8~fold in 3 to L days and 12~ to
20-fold in 7 days., The primary cell strains, when retalned In the rapid
growth phese, behaved similarly. However, these fibroblast-1lke cells
were several times larger than the epithelial malignant cells and thelr
growth was more rapidly restricted by the size of the bottle employed,
NOrmelly a 3~fold increase in numbers filled the bottle. The pH of the
medium remained constant throughout the growth cycle without the addition
of exogenous buffers,

Medium L-15G, incorporating glucose instead of galactose, showed a
similar growth pattern with HEp=2 cells, Studles were not made with the
SMK or primary cell cultures, Although the cells grew satisfactorily In
the free gas exchange with the atmosphere, within 48 hours after inocula=-
tion the medium had become markedly acid. Changing of the medtum would
only maintain the pH on the alkaline side for short periods of time, e.g.,
1-2 hours, Once sodium bicarbonate was added to help malintain the pH,
the bottles had to be tightly capped and the medium would again be marked=
ly acid by the following morning.

Eagle's MEM (2) was purchased as a complete medium‘. Freshly har-
vested HEp=2 cells appeared to grow in this medium but could not over=
come the initial sharp rise in pH even though the bottles were tightly
capped and within 72 hours the cells started to degenerate. Cells es=
tablished on L-15 could be fed with Eagle's MEM without any obvious un=
toward reaction, The TCID., experiments described below, utiltizing
Eagle's MEM, were accompll8hcd with tubes of HEp=2 cells established on
L-15 medium,

isolation_of virus agents from specimens: The majority of specimens were
from Armed Forces personnel in the 18 to 40 year age bracket. Virus
agents isolated during this study period in the HEp-2 and SMK cell lines
included poliovirus types 1, 2, and 3; Coxsackie Group A, type 9; Cox~
sackie Group B, types 1 through 5; ECHO types 2, 4, 6, 8, 9 and 11;
adenovirus types 1, 2, 3, 4, 5, 7, and 10; herpesvirus, parainfluenza
type 3; and several unidentified agents, Primary ccll strains, cspe-
cially embryonic lung cells, yielded many of the above, plus scveral un-
identified agents.

Growth of prototype viruses: Prototype virus agents of poliovirus types

1. Microbiological Associates,
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1, 2, and 3; Coxsackie, Group A, types 7, 9, 10, 11, 13, 14, 15, 17, 18,
and 21; Coxsackie, Group B, types 1 through &; ECHO types ' through 22;
Adenovirus types | through 10; herpesvirus and parainfluenza type | were
adapted to HEp=2 and SMK cells in medium L~15, Influenza A and B strains
Failed to grow beyond the second passage es indicated by the hemadsorp~
tion test. Studies with primary cell lines are still In the pilot stage
and will be included in a later report.

The 50 per cent tissue culture infective dose (TCID.,) was calcu-
lated by the method of Reed and Muench (7) in comparing %Re growth of
various viral prototype egents in medium L-15, bicarbonate free, In both
free gas exchange with the atmosphere and in tight-capped tubes, and In
Eagle's MEM (0.22 per cent sodium bicarbonate) in tightly~=capped tubes.
It soon became apparent that the "optimal' medium veried with the proto-
type virus under study, See table 3, Five tubes of HEp-2 cells, In 66th
passage in L=15, L days of age were used for each dilution and the TCID 0
was determined 7 days after inoculation of the virus agents. The attena-
ated poliovirus Sabin strains employed in commercial vaccine showed the
monovalent types 1 and 3 to grow best in L=15 in free gas exchange with
the atmosphere, type 2 gave the highest titer in MEM. The virulent
strain of pollovirus type 1, Mahcney, also grew best in MEM, but ECHO
type 2, Cornellus strain, preferred L=15 in either loose or tight-capped
tubes.

DISCUSSION

Development of medium L«15 was made in an effort to obtain & medium
that would enhance both tissue cell and virus growth. Approximately 140
media have been composed to date in the study of various compounds in
tissue cell growth and maintenance, but none of the variations have demon-
strated any significant increased benefit., The basic studies of Eagle
and his cosworkers (2, 8-15) were chosen as the modzl for these studies
es theirs was the simplest {ipproaching a synthetic medium) composed to
date that would enable the growth of most tissue cell cultures., Evalua=
tion of their data for the growth of human (1), mouse (9) end monkey
kidney cells (13) revealed that the minimal amounts of each amino acid
were employed which would yield optfmal growth of the cell Tine under
study, Many of these amino acids are rapidly depleted during cell growth
(16). The finding of Dubes (17) that there may actually be competition
between cell and virus for certain essential amino acids led to the thesis
of incorporating into the growth medium the maximum amount of each amino
acid which might be employed without seriously retarding cell growth,
The first of such media to yield rapid cell growth was L=91. See table
L, Asparagine (18), glycine (13, 19) and serine (15, 20, 21) were added
as these amino acids were essential for certain cell lines or stimulated _
growth, Although L-9 promoted rapid growth of HEp-2 cells? and Hela cells”

1, This medium was devised while at the Fifth US Army Medical Laboratory

in 1959,
2, Microblological Associates,
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TABLE 3

Comparative TCID_. titers of prototype viruses under varying

50
. a
atmosphere, carbohydrate and bicarbonate factors,

Medium L~! Medium L=15 Eagle’s MEM (2)

VIRUS TYPE Loose Caps Tight Caps®  Tight Capsd

Poliovirus
Sabin Vaccine

Lot #103113713 1 6.6° 6.5 6.2

Poliovirus
Sabin Vaccine

Poliovirus
Sabin Vaccine®

Lot #2031149-4 3 7.2 6.6 6.6

Poliovirus

Mahconey

N6LE ] 6.6 6.5 6.8

ECHO

Cornelius

TC-2661 2 7.2 7.2 6.5

a, Flve tubes HEP~I1 cells per dilution, 66th passage in medium L=15,

b.

e.

f.

g.

L days old, TCID_. determined 7 days after inoculation of virus.

50
Free gas exchange with atmosphere, no bicarbonate in medium,
No free exchange with atmosphere, nc blcarbonate.

No free exchange with atmosphere, 0.22 per cent bicarbonate.
Purchased as complete medium from Microbiological Associates.
Pfizer Laboratories, New York City, New York.

Dbtalned from Walter Reed Army Institute of Research.

TCIDSO per 0.1 m] ]0910’
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(from 8= to 16-fold increase in 7 days), this medium had the same disadvan=
tages as other glucose and bicarbonate containing media, The rapidly
growing cells would reduce the pH of the medium in direct proportion to

the cell population, By the time tubes were 7 to 10 days of age, the pH
would often drop from 7.6 to 6.0 overnight,

Chang and Geyer (22) noted that d( + ) galactose in the presence of
pyruvate and alpha alanine could be consistently substituted for glucose
in the growth of Hela and human conjunctival cells, Eagle, et al, (14)
confirmed these findings and also noted, in Zontrast to glucose, only a
small portion of the galactose utilized was converted to lactic acid even
though cell growth was not diminished. Without pyruvate, growth was hap-
hazard, Coupling this information with the knowledge that much larger
amounts of amino acids could be employed than were originally reconmended
by Eagle, an effort was made to eliminate the unstable bicarbonates as a
buffering system by utilizing commercially available free base amino acids.
At present, arginine, histidine and cysteine are available and were incor-
porated, L-arginine, free base, was chosen for pH adjustment of the
medium, About 3uM/ml yielded the desired pH 7.6 thereby negating the
necessity for any other exogenous buffer. This concentration of arginine
approached the maximum amount usable (9, 10) (see table 4); others (23,
24) have noted that similar amounts could be employed without toxic mani-
festations, Although Thomas, et al (24) found that 42 mcg/ml arginine
yielded maximum stimulation of growth of various cell lines in suspension,
additions of 336 mcg/ml had no toxic effect, Piez and Eagle (25) noted
that arginine was rapidly depleted during cell growth and was not concen=
trated in the free amino acid pool.

Medium L-15 promoted the growth of HEp=2, stabilc MK cells, and @
varicty of primary human cell strains, both embryonic and adult, to at
least the same extent as the glucose containing media. Up to 20-fold in-
crease in cell population was obtalned with the malignant cell lines in
7 days. The growing of cells in free exchange with the atmosphere en-
abled the medium to remain at a constant pH throughout the growth cycle.
The excellent growth in medium L-15 is partially attributed to the e-
limination of rapid fluctuations in pH with its attending toxicity (26).

Although several Investigators (27, 28, 29) have demonstrated the
need of cxogenous bicarbonate for optimal virus growth in glucose media,
studles in virus titrations with prototype virus strains indicate that
such is not essential in medium L-15 (see table 3), Eagle (8) has noted
that exogenous bicarbonate is not necessary for the growth of HMela cells.
The possibility of growing cells in free atmosphere exchange allows the
preparation and handling of large numbers of bottles and tubes by one
technician. The use of a sterile paper cap for the entire rack of tubes
is sufficient to prevent overt contamination.

The high levels of amino acids employed in mediun L-l5 are not essens

tial to ccll growth; growth can be obtained using one-tenth the concen=
tration. The amounts are empirical with the hope of obtaining virus
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TABLE &

Evaluatlon of Eagle's Amino Acld Data®

EAGLE EAGLE Minimum to Amount used
AMINO ACID 1955{10) 1959(2) Maximum range Medium L-15
uM/ml uM/m)  Evalustion uM/mib

L-Arginine 0.10 0.60 0.10 to 3.00 3.00
L-Cystine 0.05 0.10 0.0} = 0.10 NAS

L-Histldine 0.02 0,20 0.03 - 10,009  1.50
L-tsoleucine 0.20 0.40 0.10 - 0.30e 1,00
L=Leucine 9,10 0.4o 0.10 - 1,00 1,00
L-Lysine 0.10 0,40 0.10 - 1.00 0.50
L-Methionline 0.05 0.10 0.03 - 1,00 0.50
L-Phenylalanine 0,05 0.20 0.03 - 1,00 0.75
L.=Threonine 0.10 0.40 0,10 - 3,00 2,50
L~Tryptophan 0.01 0,05 0.03 - 0,10 0.10
L=Tyrosine 0.10 0.20 0.03 - 3.00 2,00
L-Valine 0,10 0,40 0.10 - 1,00 1,00

a, Personal evaluation of Eagle's data for growth of Hela cells(10).

b. Medium L-9 same as above except that 1.5 pM/ml L-Arginine HCL used
in place of the 3 uM/ml L-arginine free base in L~15, Where the
DL compounds are employed, twice the above concentrations are used.

c. L-cysteine used 1,00 uM/ml after data of Morgan (32).

d. Double peak (?) at 1.0 pM/m! and at 10 uM/ml,

e, Maximum growth at 0.3 pM/ml, but only gradual drop in growth at

higher levels,
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growth from discase entities in which no agent has been isolated to date.
A variety of primary cell strains are under study to obtain strains sus=
ceptible to a wide virus spectrum, Medium L~15 coupled with the HEp-2
cell line allows excellent growth of the adenovirus and herpesvirus, Ex=
cellent complement fixation antigen are prepared from both agents using
the basic methods of Schmidt, Lennette, and Shon (30).

Cooper (31) found the efficiency of viral plaque formation to be
superior when galactose was substituted for glucose, Although he does
not reveal how his medium is buffered, he was able to eliminate the
carbon dioxide gassing incubator.

SUMMARY

A medium {L-15) has been devised that permits the growth and main=

tenance of normal and malignant tissue cell cultures in free gas exchange
with the atmosphere,

Free base amino acids, especially L=arginine, are substituted for
bicarbonate as the buffer, D ( + ) galactose, sodium pyruvate, and DL-
alpha alanine are substituted for glucose. The maximum amount of each of
the essential amino acids is employed that does not reterd cell growth,

This medium permits the growth of various virus agents to at least
the same extent as bicarbonate glucose media.



6.

7.

REFERENCES
Morgan, J. F, Tissue culture nutrition. Bact. Rev., 1958, 22: 2045

Eagle, H. Amino acid metabolism in mammelian cell cultures. Science,

1959, 130: 432-L37,

Paul, J. Cell and tissue culture, 2d Ed,, Willlams and Wilkins Co.,
Baltimore, 1960, p, 81,

Waymouth, C, Rapid proliferation of sublines of NCTC Clone 929
{Sstrain L) mouse cells in a simple chemically defined medium
(MB 752/1). Jour. Nat, Cancer Inst., 1959, 22: 1003-1017,

Hayflick, L, and Moorhead, P, S, The serial cultivation of human
diploid cell strains, Exper. Cell Research, 1961, 25: 585-621.

Gwatkin, R, B. L. and Siminovitch, L. Multipllcation of single mam-
malian cells in @ non-carbenate medium. Proc., Soc, Exper. Biol.
and Med., 1960, 103: 718-721,

Reed, L, J. &nd Muench, H, A, A simple method of estimating flfty
per cent endpoints, Amer, Jour, Hyg., 1938, 27: 493-497.

Eagle, H, The salt requirements of mammalian cells in tissue culture.
Arch, Blochem. Biophys., 1956, 61: 356-366,

Eagle, H, The specific amino acid requirements of a mammallan cell
(Strain L) tn tlssue culture, Jour, Biol, Chem,, 1955, 214: 839-853.

Eagle, H. The specific amino acid requirements of a human carcinome
cell (Strain HelLa) in tissue culture. Jour. Exper. Med,, 1955,
102: 37-48,

Eagle, H, The minimum vitamin requirements of the L and Hela cells
In tissue culture, the productien of specific vitamin deficiencies,
and their cure. Jour, Exper. Med,, 1955, 102: 595-600,

Eagle, H., Oyama, V. l., Levy, M. and Freeman, A, E, myo-inositol as
an essential growth factor for normal and malignant human cells in
tissue culture, Jour, Blol, Chem,, 1957, 226: 191=-207,

Eagle, H,, Freeman, A. E. and Levy, M, The amino acid requirements of
monkey kidney cells in first culture passage. Jour, Exper. Med.,
1958, 107: 6h3-652,

Eagle, H., Barban, S., Levy, M., and Schuize, H. 0, The utilization

of carbohydrates by human cell cultures, Jour, Biol. Chem., 1958,
233: 551-558,

33



‘5.

16,

19.

20,

21,

22,

23.

24,

25.

26,

27.

tagle, H. and Piez, K, The population~dependent requirement by cul=
tured mommalian cells for metabolites which they can synthesize,
Jour, Exper, Med., 1962, 116: 29-43,

Westfall, B, B,, Peppers, E. V., and Earle, W. R, The change In con-
centration of certain constituents of the medium during growth of
the strain Hela cells. Amer. Jour, Hyg., 1955, 61: 326-333,

Dubes, G. R. Cystine requirements for normal poliovirus action on
monkey kidney tissue cultures. Proc. Soc. Exper, Biol, and Med,,

1956, 93: 129-132,

Neuman, R, E, and McCoy, T. A. Dual! requirement of Walker carcino~
sarcoma 256 in vitro for Asparagine and Glutamine. Science, 1956,
124: 124-125,

Melnick, J. L., Hsuing, G. D., Rappaport, €., Howes, D,, Reissig, M.
Factors influencing the proliferation of viruses, Texas Rep, Biol,

and Med,, 1957, 15: L96-533,

Haff, R. F, and Swim, H., E. Amino acid requirements of rabbit fibro-
blasts, Strain RM3, Fed. Proc., 1956, 15: 591.

Lockart, R, Z,, Jr,, and Eagle, H, Requirements for growth of single
human cells. Secience, 1959, 129: 252-25kL,

Chang, R, S, and Geyer, R. P. Propagation of conjunctival and Hela
cells in various carbohydrate media. Proc. Soc. Exper. Biol. and

Med., 1958, 96: 336-340,

Morgan, J, F., Morton, H, I., and Pasieka, A, E. The Arginine re-
quirement of tissue cultures, 1, Interrelationships between
Arginine and related compounds. Jour. Biol. Chem., 1958, 233: 65L=5f

Thomas, W, J., Ziegler, D, W., Scheparts, S. A., and McLimans, W. F.
Use of Arginine to eliminate medium changes in tissue culture system:

Science, 1958, 127: 591-592,

Piez, K, A., and Eagle, H., The free amino acid pool of cultured human-
cells, Jour, Biol, Chem., 1958, 231: 533~545,

Mackenzie, C. G., Mackenzie, J. B., and Beck, P. The effect of pH on
growth, protein synthesis, and Lipid=Rich particles of cultured mam-
malian cells. Jour. Biophys. and Biochem. Cytol., 1961, 9: 141-156,

Sabin, A. B. Properties of attenuated polioviruses and their behavior

in human beings, Spec, Publ, N. Y, Acad, Sci., 1957, Part 1, &:
113-140,

3L



28,

29,

30.

31.

32,

Chang, R, S. Participation of bicarbonate in RNA and protein svn-
thesls as indicated by virus propagation in human cells. Jour.
Exper, Med., 1959, 109: 229-238,

Mosley, J. W. and Enders, J. F. Growth of poliovirus in cottone
plugged monkey kidney cell cultures, Virology, 1962, 17: 251:261,

Schmidt, N. J., Lennette, E. H., and Shon, C. W. A complement~fixing
antigen for Herpes simplex derived from chick embryo tissue cultures.
Amer. Jour, Hyg., 1960, 72: 59-72,

Cooper, P. D, An improved agar cell=suspension plaque assay for polio-
virus: some factors affecting efficiency of plating. Virology,
1961, 13: 153-157,

Morgan, J. F, and Morton, H. J, Studies on the sulphur metabolism
of tissues cultivated In vitro. IIl. Interrelationships between
cysteine, methionine, cysteamine, and cystamine, Canad. Jour.
Biochem, and Physiol,, 1957, 35: 785-79L,

35



